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crust several millimetres in thickness. Some patinas are free from chlorides and
were probably formed out of contact with soluble chlorides. Some patinas are
comparatively stable, and do not change under normal conditions ; others, princi-
pally those containing chlorides, are unstable, and are liablo^to spread and deepen.
The former type of patina is not prejudicial to the preservation of bronzes, and has
accordingly been called nolle patina or Edelpatina.
If the green crust of a typical patina be removed by washing in dil. sulphuric
acid, there remains a reddish crust of cuprous oxide which may bo removed by
washing with aqua ammonia so as to expose the underlying metal The layer of
cuprous oxide has been remarked by B. G. Sage (1778), J. Davy (ISltt), etc. It
has been suggested that the presence of cuprous oxide shows that the formation
of this oxidels the first stage in the patinization of copper objects, and the carbonates
represent the later completed stage. F. Wibel, on the contrary, assumed that the
cuprous oxide is formed by the reduction of the copper carbonate, formed by tho
action of moist air and carbon dioxide on copper. When such a film is moistened,
a layer of a soluble copper salt is in contact with the metal, the metal reduces the
soln. to cuprous oxide or even to copper itself; this is exemplified by tho occurrence
of copper crystals in some patinas ; and by an experiment due to 0. Y. Bucholz
when the lower half of a strip of copper is immersed in a cone., neutral soln. of copper
nitrate, and the upper half of the strip is immersed in a layer of distilled water
superposed on the copper nitrate soln. The lower half of the strip becomes coated
with crystals of copper and of cuprous oxide.
Copper is rapidly corroded by sea-water. When a piece of copper is immersed
in sea-water, the liquid soon exhibits a bluish-white cloudiness, and, after a time, if
the metal be exposed to the air, it becomes covered with a green crust, F. C. Calvert
and B. Johnson 9 found that the following numbers represent the relative action of
sea-water on a number of metals ; the results are expressed in grams of metal
dissolved by 100 litres of sea-water per sq. metre of surface, in a month, at ordinary
temp.:
SteeL            Iron.          Cu (best).     Cu (cake)*          Za.       Iron <g;ilv.).       Tin.             foad.
29-16          27-37          12-96          13'86          6*60          M2           1-46           truce
A green deposit is formed on the copper, and this is readily washed from the surface
of the metal if the water is in motion. Hence, if the water be in motion, but little
of the green deposit is seen ; the copper is rapidly corroded ; and the surface of the
metal often becomes dark red owing to the formation of cuprous oxide. F. C. Calvert
and R. Johnson hence stated that the mechanical action of sea-water accelerates
the attack. The composition of the crust was investigated by H. Davy. A. H. Sox-
ton's analysis (1906) of a sample of the green deposit furnished :
Copper carbonate.             Copper chloride.              Copper oxide.                      Watot.
29-77                          8-39                    *      59*38                            2*46
The action thus appears to be a chemical attack by the oxygen, carbon dioxide,
and chlorides in soln. in the sea-water.   If air and carbon dioxide arc removed from
'sea-water, the action is rather slight.   The attack may be uniform over the whole
. surface, more usually it is irregular, if not erratic, so that portions may be in holes
while the remainder is quite sound.   When brass or copper tubes are used in marine
engines with salt Caters, the metal may be rapidly pitted or the tube perforated.
,The cause of the pitting is not known; it has been attributed to tho local voltaic
action set tip by contact with particles of metal or oxides less electropositive than
copper.   W. A, Tilden found that the portions of metal which have been bent or
distorted in any way, are more rapidly attacked than the undisturbed metal by
hydrochloric acid or chlorides; etc.   E, L. Ehead found hard copper to be much
more readily corrodible than soft copper.   T, A. Eastick attributed local corrosion
to the presence of hard and soft areas in tha metal    Corrosion was found by
A, Philip to be accelerated locally "by contact with electronegative subgta&ees like